ABSTRACT -Two experiments were carried out with the objective of evaluating the performance and carcass traits of growing and finishing pigs fed rations with sticky coffee hull silage. In experiment 1, the coffee hulls were ground through a 4-mm screen and ensiled with 30% water and enzymatic-bacterial inoculant and evaluated in digestibility trial with 15 crossbred pigs distributed in a completely randomised design. Overall, the ensiling process did not improve the digestibility of the sticky coffee hulls. In experiment 2, it was used 60 pigs (32.52 to 59.58 kg) in the growing phase and 55 pigs (61.70 to 90.27 kg) in the finishing phase, distributed in a completely randomised design with five diets (0, 4, 8, 12 and 16% of sticky coffee hull silage) and six replicates. In the growing and finishing phase, inclusion of levels of sticky coffee hull silage did not affect feed intake, weight gain, and plasma urea nitrogen. However, in the finishing phase, feed conversion improved as the levels of sticky coffee hull silage increased. Responses by backfat thickness and marbling were quadratic, whereas empty stomach weight increased linearly when sticky coffee hull silage was included in the diet. Sticky coffee hull silage has good nutritional value and if used in levels up to 16% of the diet, it does not impair performance of pigs in the growing and finishing phases and it results in leaner carcasses. However, the economic feasibility of its use depends on the price relationship of this by-product with the other feedstuffs. 
Introduction
Feeding has a greater impact on the costs of pig production than any other component. Accordingly, there is a great market interest in finding alternative feedstuffs that allow costs to be reduced while achieving good productive and reproductive performance. Factors such as commercial availability, quality and price can have an impact on the choice of such alternative feedstuffs.
In Brazil, some agricultural productions result in a high volume of by-products, such as coffee hulls, which may be used in alternative animal feeds. Brazilian coffee production is estimated at 33,740 million bags of processed coffee per year, according to CONAB (2008) . As coffee hull production corresponds to approximately 40% of total coffee production (Poveda Parra et al., 2008) , an estimated 810 million tonnes of this by-product are produced every year.
The use of this by-product to feed pigs depends fundamentally on its chemical composition, digestibility values and nutrient availability (Ferreira et al., 1997; Moreira et al., 2009) . Sticky coffee hull (SCH) residue is more nutritious than the other coffee components because it has high levels of crude protein and low levels of fiber (Vilela et al., 2001) . As SCH does not contain parchment, a highly fibrous component, it is notably more effectively utilised by pigs (Oliveira et al., 2001) .
Research on pigs suggests that sticky coffee hull levels of up to 5% can be included in feed during the growing phase (Oliveira et al., 2001 Poveda Parra et al., 2008 and up to 9.5% during the finishing phase (Poveda Parra et al., 2008) without impairing performance and even improving the quality of the carcass.
Ensiling may improve the utilisation and conservation of this agro-industrial waste, making nutrients more available, reducing anti-nutritional factors, such as caffeine, tannins and polyphenols, and reducing the environmental impact resulting from the high volume of this waste. Accordingly, this study was carried out aiming to evaluate the nutritional value of sticky coffee hull silage (SCHS) on growing-finishing pig feeding and its effects on performance, carcass traits and the economic feasibility.
Material and Methods
Two experiments were carried out to evaluate sticky coffee hull silage on growing-finishing pigs feeding.
The sticky coffee hulls were obtained from the COCAMAR agro-industry and ground in a hammer-knife mill with a 4-mm mesh, as recommended by Poveda Parra et al. (2008) , who demonstrated that sticky coffee hulls ground to a larger grain size (4 mm) are better digested than 2.5-mm hulls.
The sticky coffee hull silage was obtained by adding water to increase the moisture level to about 30%. Enzymaticbacterial inoculant was also added to the water to improve the fermentation process. The coffee hulls were ensiled in 70-L plastic drums with hermetically sealed lids at a density of 930 kg SHCS/m 3 . The silage was used after a minimum fermentation period of 30 days.
Two experiments were conducted: a test to evaluate digestibility (experiment 1) and a study of performance (experiment 2). In experiment 1, a total of 15 castrated male crossbred pigs with a mean initial weight of 43.06 ± 4.12 kg from a commercial line were used.
The animals were maintained in individual metabolism cages similar to those described by Pekas (1968) , in a building with a partially controlled environment. The ambient temperature varied from 18°C to 25.1°C.
Two experimental diets were tested by replacing 25% on dry matter basis of the control diet with sticky coffee hulls and sticky coffee hull silage. The control diet consisted of corn (72.90%), soybean meal (24.45%), salt (0.57%), limestone (0.64%), dicalcium phosphate (0.87%) and vitamin and mineral supplement (0.57%) and was formulated to meet the requirements NRC (1998). The feed containing sticky coffee hull silage was prepared daily.
The experimental period was 17 days (twelve days for adaptation and five days for total collection of feces and urine). A completely randomized experimental design was used with two diets and five replicates. The experimental unit consisted of one pig.
During the collection period, the quantity of diet provided was calculated from the metabolic weight (kg 0.75 ) of each pig. Average intake was recorded during the adaptation period. The feeding was provided at 8 a.m. and 4 p.m. daily. The two meals were 55% of the total in the morning and 45% in the afternoon (a proportion obtained from the morning and afternoon feed intake during the adaptation period). The feeds were moistened with approximately 20% water to avoid waste, reduce dustiness and improve the acceptability of the diet. After each meal, water was provided at the feeder in the proportion of 3 mL of water/g of diet to prevent excessive water consumption.
With the objective of defining the start and the end of the period of total collection of feces, 3% iron oxide (Fe 3 O 2 ) was used as a fecal marker. The feces were collected once a day, kept in plastic bags and stored in a freezer (-18ºC) . Subsequently, the material was thawed, homogenised and dried (approximately 350 g) in a forced draught oven at 55 °C for 72 h and ground in a knife mill (1-mm screen). The urine was collected in plastic buckets, containing 20 mL of HCl 1:1 to prevent bacteria proliferation and possible volatilisation losses.
The chemical composition of the diets and the feces were evaluated by the Laboratório de Nutrição Animal at Universidade Estadual de Maringá, in accordance with the methodologies described by Silva & Queiroz (2002) . Granulometry analysis was conducted in accordance with the methodology proposed by Zanotto & Bellaver (1996) . Gross energy values were determined using an adiabatic calorimeter (Parr Instrument Co. AC720), following the procedures described by Silva & Queiroz (2002) .
Caffeine levels were determined by the Instituto de Tecnologia de Alimentos -ITAL, following the methodology described by Horwitz (2005) , and the total tannin levels were determined by the Departamento de Farmácia da Universidade Estadual de Maringá. Aminogram analysis of the sticky coffee hulls was carried out by the Laboratório da Degussa using HPLC equipment.
The coefficients for dry matter digestibility, gross energy, organic matter, crude protein, neutral detergent fiber, acid detergent fiber, gross fiber and hemicellulose were calculated in accordance with the reports by Matterson et al. (1965) .
To evaluate the differences between the digestibility coefficients for SCH and the SCHS, the coefficients were submitted to analysis of variance (F test, P>0.05), using the SAEG statistics package (UFV, 1997), in accordance with the following statistical model: Y ij = μ + Ti + e ij, where: Y ij = digestibility coefficient for treatment i, with repetition j; μ = constant related to all observations; T i = effect of the type of feed i, in which i = 1; 2 (1= SCH and 2 = ESCH); and ij = random error associated with each observation.
In experiment 2, a total of 60 crossbred pigs, 30 castrated males and 30 females from a commercial line were used, with an average initial weight of 32.52 ± 3.21 and final weight of 59.58 ± 4.01 kg and, in the finishing phase, 55 pigs with an initial weight of 61.70 ± 3.29 kg and final weight of 90.27 ± 3.56 kg.
The experiments related to the growing and finishing phases were carried out from October 2006 to January 2007. The mean minimal temperatures recorded in the experimental periods were, respectively, 19.6 ± 2.4°C and 20.5 ± 1.5°C, and the mean maximal temperatures were, respectively, 30.6 ± 2.9°C and 29.8 ± 2.9°C. The values for mean air relative humidity recorded in the experimental periods in the growing and finishing phases were, respectively, 78.5 ± 13.6% and 84.2 ± 11.0 °C in the morning and, respectively, 51.7 ± 12.7% and 65.7 ± 15.9% in the afternoon.
The animals were kept in brick barns with cement fiber roofs. Each pen had a water drinking nipple and a semiautomatic feeder, providing free access to the feed and the water. The pens had shallow pools (0.8 x 2.0 m) ±10 cm deep (0.8 x 2.0 m) and the water was renewed twice a week.
Five diets containing 0, 4, 8, 12 and 16% sticky coffee hull silage were used. The diets were based on corn and soybean meal (Table 1 ) and formulated to meet the NRC (1998) requirements for pigs in the growing phase (30 to 60 kg body weight) and finishing phase (60 to 90 kg body weight).
The chemical and energy composition of the sticky coffee hull silage (Table 2) , obtained from the digestibility test, was used for formulating the diets. The values of crude protein, phosphorous and calcium were determined for the other feedstuffs, such as corn and soybean meal, considering the level of digestible energy, as given by Rostagno et al. (2005) .
The pigs were allocated in a completely randomised design for five diets, in six replicates in the growing phase and five replicates in the finishing phase. The experimental unit consisted of a pen with two animals. However, in the finishing phase, there was only one animal per pen. At the end of the growing phase, the animals were randomly reallocated to the experimental units and treatments for the finishing phase. This ensured a balanced distribution for each finishing treatment, avoiding concentrating animals from a particular growing phase group.
The diets and animals were weighed at the start and end of the experiment to calculate daily feed intake, daily weight gain, and the feed:gain ratio for each experimental unit. At the end of the finishing phase, backfat thickness and loin depth at position P 2 were measured using Sono-Grader equipment (Renco ® ).
Blood samples (Cai et al., 1994) for subsequent plasma urea nitrogen (PUN) analysis were collected at the beginning (baseline) and at the end (final plasma urea nitrogen) of the experimental period in the growing and finishing phases. Levels of plasma urea nitrogen measured using the method described by Marsh et al. (1965) , and the baseline results obtained at the beginning of the experiment were used as co-variables in the statistical analysis of the final plasma urea nitrogen.
At the end of the finishing phase, 50 pigs (five males and five females from each group) were slaughtered. The carcasses were refrigerated (at 1 to 2°C) for 24 h and submitted to quantitative analysis in accordance with the brazilian carcass grade methodology (ABCS, 1973) . Samples of the longissimus dorsi in the region of the 8 th and 10 th vertebrae were extracted for qualitative analysis of the carcasses and used in subsequent measurement of intramuscular fat, that is, marbling and drip loss, as described by Bridi & Silva (2006) . The longissimus dorsi and fat areas were determined using a Tablet Running Spring software (Câmara et al., 1996) .
To evaluate the economic feasibility of sticky coffee hull silage, market prices of raw materials were studied and the cost of feed per kilogram of weight gain was calculated, following Bellaver et al. (1985) . The economic and cost efficiency indicators were also calculated, following the methodology proposed by Gomes et al. (1991) . The prices of the raw materials used to calculate the costs of the experimental diets were: corn grain, R$ 0.42/kg; soybean meal, R$ 0.70/kg; soybean oil, R$ 3.20/kg; and sticky coffee hull silage, R$ 0.33/kg.
The results for the studied variables were submitted to analysis of variance is in accordance with the following statistical model: Y ij = μ + N i + e ij , in which Y ij = observed value for the studied variables relating to each individual j, receiving the level i of the sticky coffee hull silage; μ = general constant; N i = levels of sticky coffee hull silage in the diets, in which i =0, 4, 8, 12 and 16%; e ij = random error associated with each observation. The effect of gender was included in the model for PUN and carcass traits (S k = effect of gender k (1 = male, 2 = female)). In addition, the level effects were derived in orthogonal polynomials to determine the regression equations.
The quadratic model (derivation of the quadratic equation) was applied to variables showing a quadratic response (P <0.05) to the levels of sticky coffee hull silage to define the best inclusion level of sticky coffee hull silage. The Dunnett test (Sampaio, 1998) 
Results and Discussion
The ensiling process reduced (on the dry matter basis) the fiber fraction of the sticky coffee hulls by approximately 25% of the neutral detergent fiber and acid detergent fiber, 32% of the crude fiber, 27% of the cellulose, 23% of the hemicellulose and 13% of the lignin, which may explain the increase (24%) in the level of non-fibrous carbohydrates in the sticky coffee hull silage (Table 2) . Mitaru et al. (1984) stated that the ensiling process, which involves the addition of water and subsequent anaerobic incubation at 25°C, removes up to 97% of the chemically detectable tannin. These changes may explain some of the alteration in the digestibility of the sticky coffee hull silage (Tables 3 and 4 ) and in the performance of the pigs (Table 5) .
In general, ensiling did not improve (P>0.05) the digestibility of the sticky coffee hulls inasmuch as the digestibility of some of the components, such as dry matter, gross energy and organic matter, did not change (P>0.05) (Table 3 and 4) . However, the digestibility coefficients of crude protein, neutral detergent fiber, acid detergent fiber and crude fiber decreased. These results do not support the initial hypothesis that ensiling might improve the nutritional value of the sticky coffee hulls. Similar results were obtained for soybean hulls by Quadros et al. (2007) , who observed that ensiling did not affect the digestibility of dry matter, organic matter and gross energy of this by-product.
The addition of enzymatic-bacterial inoculant did not improve the utilisation of the fibrous fraction of the sticky coffee hulls as expected inasmuch as the digestibility of the fibrous components and crude protein was lower (P<0.05) than in the sticky coffee hulls (Tables 3 and 4 ). The characteristics of the by-product, the changes that occured during fermentation, and the addition of the inoculant probably reduced the quality of the fibers (Rodrigues et al., 2005) , reducing the digestibility of the nutrients in the fibrous fraction of the sticky coffee hull silage. A reduction of approximately 12% in the value of the digestible energy from the sticky coffee hull silage (in the dry matter) when compared to that of the non-ensiled hulls is possibly due to the reduction in fiber quality. Fibrous feeds may increase the excretion of metabolic and microbial nitrogen in pigs, reduce the availability of nitrogen and other nutrients and increase the excretion of nitrogen and other bound nutrients or those physically shielded from enzymatic action (Stanogias & Pearce, 1985a,b) .
The digestibility results for sticky coffee hull silage are lower than those obtained by Ferreira et al. (1997) , Santos et al. (2005) and Poveda Parra et al. (2008) for digestible energy (2,843, 2,799, and 2,498 kcal/kg respectively) and for the digestibility coefficient for crude protein (45.68, 53.80, and 65.54% respectively) . Similarly, the values found are lower than those reported by Ferreira et al. (1997) , Oliveira et al. (2002) and Santos et al. (2005) for digestible dry matter (61.02, 65.65, and 65.5% respectively) and metabolizable energy (2,694, 2,320, and 2,684 kcal/kg respectively).
In experiment 2 (Table 5 ), the performance of the animals and the concentrations of PUN in the growing phase were not influenced (P>0.05) by the levels of sticky coffee hull silage, probably because the diets were isoenergetic, as soybean oil had been added to correct the energy deficiency. In the same way, synthetic amino acids (lysine and methionine) were added (Table 1) , which is reflected in the similar values for PUN (P>0.05), showing that the protein quality of the diets was similar (Coma et al., 1995) for the different levels of sticky coffee hull silage.
The results for daily feed intake met the expected result, possibly because the diets with a higher percentage of sticky coffee hull silage showed the best palatability, in proportion to the soybean oil added to the diet and the reduction in the tannins in the sticky coffee hull silage (Table 2) , which may have contributed to make the feeds more acceptable by the pigs. These results differ from those obtained by Oliveira et al. (2001) , Oliveira et al. (2002) and Poveda Parra et al. (2008) , who provided coffee hulls to pigs in the growing and finishing phases and found a reduction in fed intake and weight gain. According to these authors, the greater quantity of fiber in the feed and the presence of tannins and caffeine may produce a bitter taste that directly influences digestibility and palatability. Table 4 -Digestible values of nutrients of sticky coffee hull and sticky coffee hull silage used on growing-finishing pigs feeding As expected, the results obtained in the finishing phase were similar to those in the growing phase (Table 5) . In this phase, only the feed:gain ratio improved linearly as the level of sticky coffee hull silage increased. This response might have been influenced by the addition of soybean oil to the experimental diets in proportion to the increase in the level of added fibrous feed to overcome the energy deficiency resulting from the addition of sticky coffee hull silage, a result similar to that reported by Quadros et al. (2008) in a study of soybean hulls provided to pigs in the growing phase.
Except for backfat thickness and marbling score, none of the other carcass traits (Table 6) were influenced (P>0.05) by the addition of sticky coffee hull silage. The backfat thickness and marbling score varied quadratically (P<0.05) with the inclusion of sticky coffee hull silage, and the levels of 8.4 and 7.8% resulted in the least backfat and marbling score, respectively. This response can be explained by the fact that the sticky coffee hull silage is a low-energy fibrous food, which may have led to a small reduction in energy consumption and influenced the carcass traits, resulting in a lower amount of fat, without effecting daily weight gain, and even improving the feed:gain ratio (Table 5 ). According to Gomes et al. (2007) , this reduction in body fat and increase in muscle mass improves the quality of the carcass, even though they are commonly associated with lower body weight gain, which did not occur in this experiment (Table 5) .
The results obtained in this study are similar to those found by Oliveira et al. (2002) , who evaluated sticky coffee hulls for pigs in the finishing phase and found a quadratic response in the percentage of fat and backfat thickness at P 2 position. On the other hand, Pond et al. (1988) and Quadros et al. (2008) used fibrous foods (alfalfa hay and soybean hulls, respectively) and obtained a linear reduction in backfat thickness.
Empty stomach weight increased linearly (P<0.05) as sticky coffee hull silage increased, which suggests greater development of the stomach with the greater volume of feed intake when sticky coffee hull silage was included in the diet. Gomes et al. (2006) found the gastrointestinal tract to be heavier and the empty stomach weight to be greater in pigs fed diet containing 8% neutral detergent fiber. Results obtained by other authors (Pond et al., 1988; Pond & Varel, 1989) confirm the effect of fiber on the weight of the digestive organs, such as the liver, kidneys, empty stomach, cecum and colon.
The results of the economic analysis (Table 7) showed a linear increase (P<0.05) in the cost of feed per kilogram of weight gain as the levels of sticky coffee hull silage increased in the diets of pigs in the growing and finishing phases.
In both phases, levels of 12 and 16% of sticky coffee hull silage raised the cost of the feed (per kg of live weight gain) in comparison with the levels 0, 4, and 8%. This L = linear effect, Empty stomach weight = 0.386232 + 0.0026344X; Q = Quadratic effect, Backfat thickness = 2.67681 -0.088012X + 0.00520290X 2. , Marbling score = 2.29837 -1.608804 X + 1.02554496 X 2 .
Item
Sticky coffee hull silage levels, % Mean Standard Regression Table 6 -Carcass traits of pigs fed diets with sticky coffee hull silage response is probably related to the need to add oil, a high cost feedstuff, to the diets. While the use of sticky coffee hull silage at levels of up to 16% and 8.4% is not harmul to the performance and to the carcass traits of pigs (30 to 90 kg), respectively, its use increases the cost of the diet by 21 and 31% in the growing phase and between 19 and 29% in the finishing phase. However, if the relationship between the price of sticky coffee hull silage and the other feedstuffs (corn, soybean meal, soybean oil, and sticky coffee hull silage) improves, the use of this by-product in the composition of the diet may become economically feasible.
Conclusions
Ensiling does not improve the digestibility of the nutrients in sticky coffee hulls for growing-finishing pigs. The metabolizable energy values (as-fed-basis) of sticky coffee hull and sticky coffee hull silage are 2,050 and 1,357 kcal/kg, respectively. Using up to 16% sticky coffee hull silage does not impair performance of growing and finishing pigs, while producing leaner carcasses. However, the economic feasibility of its use depends on the price relationship among the feedstuffs, in particular corn and soybean oil (or another energy source). da composição química e determinação de valores energéticos e equação de predição de alguns alimentos para suínos. Revista Brasileira de Zootecnia, v.26, n.3, p.514-523, 1997 . GOMES, J.D.F.; FUKUSHIMA, R.S.; PUTRINO, S.M. et al.
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